, 2016 at MedImmune, Gaithersburg, MD. The meeting was organized by members of the Steering Committees of the Stability Focus Group, the Pharmaceutical Impurities Focus Group and the Chemistry, Manufacturing and Controls (CMC) Statistics Focus Group. Four contemporary technical topics were selected to be discussed. Twenty two subject-matter-experts (SME) from the Industry and the Food & Drug Administration (FDA) participated as discussion facilitators or discussion leaders (AAPS Joint Face-to-Face meeting summary, 6-April-2016, part I; AAPS Joint Face-to-Face meeting summary, 6-April-2016, part II).
Topic A: Approaches to set release limits and managing method variability towards ensuring product quality ICH Q1E provides regulatory guidance for calculating shelf life of a drug product or retest period of a drug substance based on stability data utilizing simple statistical approaches. To ensure that the drug products manufactured over the life cycle consistently meet the registered specification during its shelf life, it is important to have an internal control limit for the assay that factors in typical manufacturing and analytical variabilities. This is typically called "release limit" which is a range of potency within which an individual lot can be released to market ensuring that its potency will remain within registered specification limits throughout the shelf life. Thus "release limit" provides an internal control for ensuring product quality (Fig. 1) . The impurity level increases over the shelf life as a combination of the loss of active and the uncertainty of release assay procedure. A number of statistical approaches have been described for calculating release limits, a commonly used one is Allen, Dukes and Gerger method (Allen et al. 1991) . There is an inconsistency in establishing harmonized control strategies for release limit from organizations working globally.
The participants agreed that development of a release limit is critical for controlling the product quality; however, the data utilized and procedure used to determine an appropriate release limit is not consistent. This is not unexpected since release limit is an internal control parameter. The following points were raised and discussed by the participants.
1. The stability profile of the drug product shows change over time, the typical variabilities in stability profile are incorporated in the calculation of shelf life by ICH Q1E. The regression/covariance approach described in ICH Q1E is one way of characterizing the stability change over time and its associated variability. The shelf life is a key factor in the calculation of release limit. Manufacturing data can be used to assess the capability of meeting the calculated limit based (based on the distribution/ histogram of Fig. 1 ), but it is not a component of the calculation. One must work backwards-given a shelf life, changes in stability profile over time, specification range for assay and impurities, manufacturing variability and the uncertainty in calculation of a release limit following the Allen, Duke, Gerger approach (Allen et al. 1991) .
2. The drug substance stability profile is important.
The maximum allowed level of impurities in the drug substance is an important consideration. Typically the drug substance attribute (assay) is used in formulating the batch during manufacture. 3. Analytical variability is an important consideration.
The typical analytical variability as established during method validation should be considered in calculating the release limit.
The participants agreed that having an appropriate release limit would ensure consistent quality of the drug product through the shelf life and thus protect the manufacturer and the patient. It is important to have batch data from significant number of commercial batches using the final process in calculating the release limit. When a release value falls outside of a release limit, the quality system will prompt an investigation and mitigation procedure will be developed.
In summary, the majority of the companies used certain released limits; of those, approximately 50% uses statistical approaches to establish release limits, others use a variety of alternative methods; however, specific non-statistical approaches were not discussed. However, it was concurred that we need to establish a common understanding of terminology. manage multi-specification products used by different companies were discussed. It was concurred that companies need to think both global (for general strategy) and local (for meeting specific local country-specific requirements) simultaneously. Pfizer has coined the term "Glocal" to encourage such thinking. To manage multiple specifications, some companies maintain one specification that meet or exceed specification requirements of each country, others manage individual country specifications. Multispecification approach adds significant complication to managing commercial supply chain. 3.2 When multiple specifications are needed for products in different markets, companies typically test to the tightest specification. With this practice, one set of release test data meets all global specification requirements. In addition, with this practice, the innovators may hold their products to a tighter specifications compared to generics, which may be approved for a specific market that allows less rigorous specifications. It is noted that while regulatory agencies observe and review each other's approval decisions, FDA makes their own decision independent of other agencies' decisions.
Overall, the attendees concurred that lifecycle management approaches for global products present significant challenges and there are differences in the best practices among companies. It was agreed that further discussions on this subject in future forums will be very beneficial.
Topic C: Challenges and Best Practices for Successful Predictive Stability Programs (small molecules and large molecules)
Predictive stability has long been used to quickly generate information to make timely and science-based decisions. At each breakout session, a case study of implementation was presented to highlight a successful approach to the topic and illustrate how these data can be leveraged for better decision making and/or time and resource savings. For example, when there is no physical changes in the dosage form occur, then the Arrhenius model for chemical reaction can be used. However, when physical changes occur, the reaction rates typically do not follow Arrhenius model, then a model can be designed to predict stability profile throughout the expiration dating period. With such model, predictive stability studies can support the selection of packages and/or formulations, to justify excursions and provide insight on in-use stability (Genton & Kesselring 1977; Waterman et al. 2007 ). In addition, these data could also be used to justify the retest period for clinical trial material and to justify lean post-approval protocols.
Predictive stability data can also be used to help in the establishment of degradation mechanism, identification of the degradation pathways, development of stability indicating method, and to support accelerated development programs. Development of these predictive models is very beneficial to gain a better understanding of how the product behaves on long term stability. However, the implementation of predictive stability study faces challenges. Table 1 list examples of challenges that have been encountered. For example, one is working with a stable product, thus changes on stability is not significant. Therefore, it would be difficult to develop an accurate predictive model as these minute changes can be concealed by noise. There is also a fear that an unsuccessful model can cast doubt on activities of other products.
Different approaches are recommended to overcome resistance of using predictive models. One is to conduct an initial study to determine critical activities. Risks can also be reduced by running additional tests outside of formal stability program and providing data or setting up testing if challenged by a regulatory agency. Participants also discussed unique issues pertaining to large versus small molecules development. Table 2 lists the typical issues presented. For example, Arrhenius model is not applicable for large molecules or the variability of quantitate methods for biologics is too large and make it difficult to narrow down to a precise predictive model. Other challenges would be non-linear model of which extrapolation from accelerated condition to label storage condition becomes risky.
Flexibility in data reporting was also discussed as it can be key to enable successful predictive stability programs. It is noted that reporting below Limit of Quantitation (LOQ) can provide several advantages. Extra decimal places can also be helpful; however, this can be a barrier as there may be challenges with existing LIMS Table 1 Example of challenges encountered using predictive stability studies
• Mistrust of models-lack of understanding-or too complex to model • Data quality is questioned if using low levels
• Product is too stable-difficult to develop predictive degradant model when change is small relative to noise
• If modeling is not successful for a product it may cast doubt on other products
• Challenges modeling dissolution default processing or reporting data above Limit of Detection but below LOQ. Best practices were recommended to use multiple preparations rather than multiple injections when replication was desired to reduce variability and improve estimation. When possible, it was recommended to hold samples and test together on one run to remove day to day variability. It was also noted that variability of biologic testing may make it difficult to develop a precise predictive model.
Overall, all agreed that significant opportunities exist to leverage predictive stability; however, one should start with a small program and build upon successes to grow the program. This topic seems to gain much interest from participants and warrants future discussion for industry and regulatory perspectives.
Topic D: ICH M7 and Mutagenic Impurities
This group started by presenting the scope of the ICH M7 guideline (International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use, M7 (R1) 2015). It applies to new drug substance and drug product during clinical development and subsequent applications for marketing, as well as specific cases of post-approval submissions of marketed products and to new marketing applications. Figure 2 shows the general framework of the guideline (Miller et al. 2015) .
This guideline provides assessment on potential impurities such as starting materials, reagents and intermediates downstream of the starting material, in addition to other identified impurities. Actual impurities are those that have been identified as per levels stated in ICH Q3A/B.
Both potential and actual impurities should undergo a hazard assessment to determine their classification (-6) with respect to mutagenic and carcinogenic potential and then undergo a risk characterization to set appropriate limits. For Class 1, 2 and 3 impurities, ICH M7 guideline provided the principles of risk characterization that are used to derive acceptable intakes (Table 3) .
Four options to control potential impurities are discussed.
1. Monitor the impurity in the drug substance with acceptance criteria ≤ acceptable limit 2. Monitor the impurity in the intermediate, starting material or in-process control with acceptance criteria ≤ acceptable limit 3. Include impurity on a starting material, intermediate or in-process control specification with an acceptance criteria above the acceptable limit coupled with well understood purge.
No testing, control assured via chemistry and process understanding
This group concluded by discussing and clarifying the scope of the guidance, i.e. excipients, impurities in biologics, if the impurity is a small molecule. It was noted that communication across disciplines (e.g. • Lack of trust of non-linear models
• Temperature and/or Humidity is too high thus modeling is not predictive.
• Physical changes/polymorph changes-modeling in solids
• Modeling is difficult for proteins in solution-reversible step vs irreversible steps
• Label condition for Biologic drug substances is -20C -> what is accelerated?
• Extrapolation can be risky clinical, CMC, toxicology) is key to ensure appropriate controls are in place, especially since dose levels may change or the drug may be used in combination with others or for a different indication. Challenges with analytical method, e.g. method transfer, capabilities of QC lab, were noted. There was much discussion around when to identify an impurity and when to perform a toxicology assessment using Quantitative Structure-Activity Relationship ((Q)SAR) method, e.g. whether to wait until the impurity is confirmed or decide it should be routinely done at certain phase of development. Inclusion of information in the filing, i.e. stage dependence, placement, materials/reagents prior to route disclosed also discussed. Discussion also included the use of (Q)SAR software. Participants shared that FDA recommended to report the model name, version, description, methodology and outcome. Additional scientific justification needed if Sponsor is "over-ruling" the result by (Q)SAR method. It is noted that FDA uses the most recent (Q)SAR software version; therefore, as feasible, Sponsors may consider rerunning predictions for impurities above threshold when a new software version is released. Although ICH M7 clearly states when assessment needs to be done on a marketed product, Sponsors have seen some queries particularly from EMA requesting assessment even when not warranted as per the guidance.
Suggestion was made for the Pharmaceutical Impurities Focus Group to consider a technical session to discuss real world problems in implementing ICH M7 such as best demonstrated practices, Agency recommendations, and case studies to continue this discussion.
Overall conclusion
The meeting was concluded on a high note. Participants appreciated the opportunity to have face-to-face interactions with multiple subject-matter-experts from the industry and FDA representatives. Technical information and common practices are shared and received positively at all breakout sessions. It is not expected for participants to reach a consensus due to the time limitations. The three sponsored AAPS Focus Groups have developed several plans to continue the discussion of these critical topics at upcoming AAPS annual meeting and workshop. • Develop compound-specific limits when carcinogenicity data available
• Acceptable intakes based on compound-specific risk assessments
• Acceptable intakes based on Less than lifetime (staged TTC) limit concept
• Acceptable total daily intakes for multiple impurities
• Exceptions and flexibility in approaches
